To determine whether poultry contact/consumption predicts colonization with antimicrobial-resistant Escherichia coli, 567 newly hospitalized patients and 100 vegetarians were assessed microbiologically and epidemiologically. Multivariable analysis showed that poultry contact/consumption, other dietary habits, and antimicrobial use did not significantly predict resistance. In contrast, foreign travel significantly predicted both trimethoprim-sulfamethoxazole resistance (prevalence ratio, 2.7 [95% confidence interval, 1.3-5.6]) and "any resistance" (total population), whereas intensive-care-unit exposure predicted any resistance (hospital patients). Thus, most of the individual-level exposures-including poultry contact/consumption-that had been expected to be significant risk factors for infection with antimicrobial-resistant E. coli did not prove to be such. Other exposures, including household-, community-, and population-level effects, may be more important.
Fecal samples were selectively processed to recover total and antimicrobial-resistant E. coli (specifically, TSREC, QREC, FQREC, and ESCREC) [3] . They were initially incubated overnight in nutrient broth. Frozen aliquots (in glycerol) later were incubated in vancomycin-supplemented broth and then underwent selective culturing for TSREC, QREC, FQREC, and ES-CREC. Presumptive E. coli underwent biochemical identification and disk-diffusion susceptibility testing to relevant agents [3] . Candidate QREC, FQREC, and TSREC underwent minimum inhibitory concentration (MIC) testing using Etest (AB-BIODISK). Ceftazidime and ceftriaxone MICs of candidate ES-CREC (E. coli from cefoxitin-or ceftazidime-supplemented plates) were determined by broth microdilution. Isolates were classified as follows: TSREC, resistant to TS (MIC, 4/76 g/ mL); QREC, resistant to nalidixic acid (MIC, 32 g/mL); FQREC, resistant to ciprofloxacin (MIC, 4 g/mL); ESCREC, not susceptible (MIC, 16g/mL) to ceftazidime and/or ceftriaxone; and "any-resistance" E. coli, those qualifying as TSREC, QREC, and/or ESCREC. All FQREC (n ϭ 5) were QREC and so were analyzed as QREC.
Primary outcomes were the presence of antimicrobialresistant E. coli (QREC, TSREC, ESCREC, and any-resistance E. coli) in the stool of study participants. Contact with raw poultry, poultry consumption, other dietary habits, antimicrobial exposure, and foreign travel were the primary exposures of interest. Additional plausible exposures were assessed as possible risk factors for colonization. Separate analyses were performed for the combined population (hospital patients and healthy vegetarians) and, because these 2 populations were so heterogeneous (table 1), for hospital patients only; the limited number of vegetarians precluded a separate analysis of them.
Unadjusted associations were assessed by 2 test, Fisher's exact test, or Wilcoxon rank-sum test, as appropriate. Multivariable regression analysis was used to identify exposure variables independently associated with carriage of antimicrobialresistant E. coli and to estimate adjusted prevalence ratios (PRs) and corresponding 95% confidence intervals (CIs), as described elsewhere [9] . A PR of 1.0 indicated no effect, whereas values Ͼ1.0 indicated an association with the outcome of interest. Variables were screened for inclusion in an initial multivariable model. Candidate variables with P р .20 were retained; colinearity was assessed in the resulting model. Final models included variables that achieved statistical significance (P р .05) or whose exclusion altered by Ͼ10% the adjusted PR for another variable in the model. Analyses were performed by SAS (SAS Institute) and SPSS (SPSS).
Variables screened for inclusion in the multivariable models included the touching of raw poultry, beef, or pork; frequency of consumption of poultry, beef, and pork; frequency of cooking one's own meals; age; sex; education; employment status; state of residence; tobacco use; alcohol use; personal antimicrobial consumption (during the preceding 90 days); child-day-care attendance; residence or work on a farm that raises animals; recent (i.e., during the preceding year) foreign travel; physician visit; hospitalization; intensive-care unit (ICU) admission; and nursing-home residence. Vegetarian status was screened for inclusion in the models when relevant. Experimentation guidelines of the authors' institutions were followed in the conduct of clinical research. The study protocol was approved by the Marshfield Clinic and the University of Minnesota Institutional Review Boards. All participants provided written informed consent.
Results. Of the 567 hospital patients and 100 vegetarians, nearly all were white, and most (52% of hospital patients and 67% of vegetarians) were female (table 1) . Compared with vegetarians, hospital patients were older (median age, 62 years vs. 39 years), less likely to have had recent foreign travel (7% vs. 25%), and more likely to have had a recent clinic visit, hospital stay, or course of antimicrobial therapy. Although animal exposures were similar in the 2 groups, both direct contact with meat/poultry and meat/poultry consumption were much greater among hospital patients.
A similar proportion of hospital patients and vegetarians (70% vs. 67%) had detectable fecal E. coli. However, the prevalence of antimicrobial-resistant E. coli was greater among vegetarians (for any resistance, 14% vs. 7%; for QREC, 11% vs. 2%; for FQREC, 3% vs. 1%; for TSREC, 11% vs. 4%) ( (table 2) . In contrast, for QREC or ESCREC, no statistically significant independent predictor variables were identified, despite the fact that several of them exhibited low univariable P values and large PRs (data not shown). Poultry or meat contact/consumption was not significantly predictive in any model.
A total of 66 study participants reported foreign travel during the preceding year. The 31 whose most recent destination was a developing nation were more likely than the others to have either any-resistance E. coli (32% vs. 9%; P ϭ .028) or TSREC (29% vs. 9%; P ϭ .17). Likewise, the number of visits to developing nations was significantly greater for the 13 foreign travelers with any-resistance E. coli (P ϭ .003) and for the 10 foreign travelers with TSREC (P ϭ .04) than for the other travelers.
To address possible confounding that foreign travel might cause despite the use of multivariable analysis, univariate analyses were repeated within the total population of study participants (i.e., vegetarians and hospital patients) after exclusion of the foreign travelers. No new statistically significant associations were identified (data not shown). Many previously identified associations remained, but usually with larger P values (i.e., less statistical significance). Discussion. This cross-sectional survey of hospital patients and healthy vegetarians yielded 3 main findings regarding colonization with antimicrobial-resistant E. coli. First, vegetarians were actually more likely to have antimicrobial-resistant fecal E. coli than were newly admitted hospital patients. Second, after adjustment for other variables, dietary history did not significantly predict colonization status. Third, in the multivariable analyses, only foreign travel (in the case of the total population of study participants) and ICU admission (in the case of hospital patients) were significant predictors of resistant fecal E. coli. Collectively, these findings suggest that (1) the epidemiology of colonization with resistant E. coli is complex, (2) avoidance of meat contact/consumption may not be protective, and (3) other risk factors (such as foreign travel) or higher-order exposures (i.e., household-, community-, or population-level) may be more important determinants than are most of the traditional individual-level exposures.
The greater prevalence of antimicrobial-resistant fecal E. coli among vegetarians than among hospital patients contradicted our prior hypothesis that, because of meat contact/consumption and other exposures, hospital patients would exhibit higher colonization rates. However, it comports with the results of previous studies comparing vegetarians with nonvegetarians, which found an equal or higher prevalence of antimicrobial-resistant E. coli among vegetarians [6, 7] .
One interpretation of these findings might be that a vegetarian diet somehow promotes intestinal colonization with resistant E. coli. Hypothetical mechanisms could include increased exposure to produce-associated drug-resistant E. coli [2] or alterations in the intestinal milieu that favor such strains. However, multivariable analysis suggests that the higher prevalence of antimicrobialresistant E. coli among vegetarians likely was due to nondietary factors. Only foreign travel, which was considerably more common among vegetarians than among hospital patients, emerged as a significant multivariable predictor of resistant E. coli within the total population of study participants.
The highest-risk foreign-travel destinations were developing nations. Previous studies have associated TSREC colonization or infection with travel to Mexico [10] and Hispanic ethnicity [11, 12] ; causal mechanisms are undefined but conceivably could include increased exposure to contaminated foods or water, inadequate sanitation, or increased contact with colonized humans and/or animals. The latter possibility obliges reexamination of the assumption that defined individual-level exposures determine colonization risk. If unrecognized host-to-host transmission is sufficiently extensive, then individual-level exposures actually may be less important than are higher-order exposures (i.e., those involving the household, community, or population). This possibility is supported by the results of a recent study in which household-level factors were more potent predictors of an individual's colonization status than were the subject's own exposure history, including diet [5] . Moreover, in that study and others, considerable sharing of E. coli clones was documented among household members (including pets), suggesting the presence of within-household transmission [5, 13, 14] .
The present study's main limitation is that its statistical power is limited because of the scarcity of events. Accordingly, our negative findings by no means exclude the possibility that certain individual-level variables actually may predict colonization with resistant E. coli; a much larger study would be necessary to adequately test this hypothesis. The distinctive study populations and the defined study region and period leave in question the generalizability of the findings. We examined only selected resistance phenotypes; others might have performed differently. The strong predictive effect of foreign travel might have overwhelmed lesser effects from other predictor variables; however, stratified analyses did not support this concern. Finally, exposure assessment was based on the study participants' recall, which possibly limited its accuracy. Study strengths include the prospective multicenter design, use of selective cultures for resistant E. coli, analysis of clinically relevant resistance phenotypes, and attention to diverse demographic and exposure variables.
In summary, we found that, among newly hospitalized patients and healthy vegetarians in Minnesota and Wisconsin, fecal carriage of antimicrobial-resistant E. coli was uncommon and most exposure variables were not significantly predictive. Although vegetarians exhibited a higher prevalence of resistant E. coli than did hospital patients, in multivariable analyses the only predictive exposures were foreign travel (in the case of the total study population) and ICU admission (in the case of hospital patients). This suggests that (1) the epidemiology of colonization with resistant E. coli is complex, (2) avoidance of meat contact/consumption is not necessarily protective, and (3) other risk factors, such as foreign travel and, possibly, household-, community-, or population-level exposures, may be more important than are most of the traditional individual-level exposures.
